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|
LIGHT SOURCE DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a light source device
and more particularly to the techniques to be effectively
applied to a light source device of the type used in a
liquid crystal display apparatus which requires a flat
plane type light source.

2. Description of the Pnior Art

An example of the flat plane type light source device
of the prior art is described 1n the U.S. Pat. No.
4,059,916. As shown in FIG. 8, a light source 4B 1s
arranged at the one end part of a light guiding matenal
4A, the light guiding materiai 4A 1s formed by a mate-
rial which efficiently transmits the light, the one surface

4a in the observing side of which is formed as a smooth
surface, while the other surface 40 1s provided as a
rough surface. The rough surface 44 diffuses the light
emitted from the light source 4B and reflects the light
emitied from the light source 4B to the smooth surface
4a. The light guiding material 4A is formed as shown
with a sloping plane so that it becomes thinner as 1t
extends from the light source 4B.

In the prior art, the transparent board gradually be-
comes thinner, as shown in FIG. 8, as the coordinate X
increases and a flat plane type light source is attained by
providing a light source 4B, for example, a fluorescent
lamp, at the one end face of the light guiding element
4A. Therefore, (a) a single Unit of fluorescent lamp is
used, as shown in FIG. 8, for a flat plane type light
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source of comparatively small area, and (b) at pair of 15

fluorescent lamps are provided vertically at the end
face, as seen in FIG. 9, in order to attain a large area and
high brightness flat plane type light source. However,
in the prior art, the light source (a) is thin and light
weight but is not suited for high brightness and large
size display, while the light source (b) provides high
brightness and large size display but 1s difficult to realize
as a thin and light-weight display apparatus. A hght
source of this kind is also disclosed, for example, in U.S.
Pat. No. 4,487,481.

A flat plane type light source of another type com-
prising a light guiding material is disclosed in Interna-
tional Publication Number WO083/03013. This example
is shown in FIG. 10 and FIG. 11. FIG. 10 1s a disassem-
bled perspective view of the display section and light
source section, while FIG. 11 shows the unit assembled
as a display. In FIG. 10, 4A designates a light guiding
material and the end parts thereof are provided with a
holes 15 formed to accommodate point type light
sources 14B. This light guiding material has a flat light
emitting side 4a and becomes thinner as it goes near the

center from the end part. But the curved surface 46 to-

determine the thickness of the light guiding maternal 1s
not disclosed. Moreover, the surface treatment for the
light guiding material is not disclosed. A similar light
guiding material is also disclosed in U.S. Pat. No.
4,641,925, but in this case, there i1s no description as to
the manner of changing the thickness of the light guid-
ing material or the surface treatment thereof. The light
sources disclosed in the patents listed above may be
considered to be used for only a small area display,
judging from the objects thereof.

45

50

35

65

2
SUMMARY OF THE INVENTION

It is an object of the present invention to provide
techniques for attaining a large area, hght-weight and
thin flat plane-type light source which further ensures
uniform high brightness for the entire part of the display
screen.

This object can be achieved as follow. Namely, in a
light source device having rod type light sources ar-
ranged at both end sections of the light guiding element,
the surface on the side of the observer of the light guid-
ing element, namely the surface from which the light 1s
emitted, is formed as a curved surface, while the oppo-
site surface from which the light is reflected 1s formed
as a flat surface. Moreover, the flat surface 1s provided
with a reflection layer having a high lightness (having a
high L* value (lightness index in the color system of
ULCS table of CIE) which ensures sufficient light for
the observer. When an observer sees the hight guiding
material in a section at right angle to the rod type light
sources, the surface is formed as a concaved surface on
the light emitting side at the center thereof and both
sides are formed as convex surfaces on the light emitting
side.

This effect can further be enhanced by the surface
treatment for the transparent substrate, namely by
changing the roughness of the surface depending on the
regions.

In one method, the surface on the observer side,
namely the surface at the light emitting side, is formed
as a concave surface toward the light emitting side and
having a fine roughness, while the curved surfaces on
both sides are formed as a surface having coarse rough-
ness. In this case, the flat surface on the reflecting side
may be formed as a mirror-surface or a surface having
roughness.

In another method, the surface on the light emitting
side is formed as a surface having umform roughness
and the region corresponding to that which 1s concave
toward the light emitting side of the surface on the light
emitting side is formed as a rough surface for the flat
plane of the reflecting side and the other region has
coarse roughness.

According to the arrangement mentioned above, a
large size flat plane light source having high brightness
can be obtained by arranging the light sources on both
sides thereof. Moreover, a space is formed between the
inclined and curving surface and the uniform diffusion
layer formed above the thinnest part and an inclined
and curving surface of light guiding material by provid-
ing such inclined and curving surface on the observer
side, and therefore interference fringes of light gener-
ated by the light guiding matertal and diffusion plate
can be prevented. |

Moreover, if non-uniformity of brightness 1s (gener-
ated due to the lights of the light sources provided on
both sides being combined, such non-uniformity may be
compensated by a difference of roughness at the surface
of the light guiding element. Accordingly, a thin, light
weight and large size flat plane type light source can be
obtained. As a result, a liquid crystal display apparatus
utilizing such light source device ensures display of
clear 1mages.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a liquid crystal display
device using a light source device as an embodiment of
the present invention;
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F1G. 2 is a disassembled perspective view of struc-
ture where a light source device of the present inven-
tion is applied to a liquid crystal display apparatus;

FIG. 3 is a perspective view of the rear side of a
liquid crystal display apparatus as an embodiment of the
present invention;

FIG. 4 is a perspective view indicating the essential
portion of a light source device as an embodiment of the
present invention;

FIG. 5 is a graph indicating brightness characteristics
by an embodiment of the present invention;

FIG. 6 is a sectional view of a light source device in
another embodiment of the present invention;

FIG. 7 is a sectional view of the essential portion of a
light source device in still another embodiment of the
present invention;

FIGS. 8, 9 are sectional views indicating the light
source devices of the prior art;

FIG. 10 is a disassembled perspective view of a dis-
play apparatus utilizing the light source device of other
prior art; and

FIG. 11 is an assembled structure of a display appara-
tus shown 1in FIG. 10.

DETAILED DESCRIPTION OF THE
INVENTION

An example of the structure of the present invention
will be explained by reference to an embodiment
thereof in which the present invention 1s applied to a
light source device for use in a liquid crystal display
apparatus.

Like elements are designated by like reference nu-
merals throughout the drawings and repetition of expla-
nation will be avoided.

A liquid crystal display apparatus and a hight source
device for use therein as an embodiment of the present
invention are shown in FIG. 1 (sectional view) and
FIG. 2 (disassembled perspective view).

As shown in FIG. 1 and FIG. 2, a liquid crystal dis-
play apparatus provides a liquid crystal display panel 3
and a light source device 4 within the interior of a hous-
ing defined by a lower frame (mold case) 1 and an upper
frame (cover) 2.

The mold case 1 is square-shaped and is formed for
example of resin material. The cover 2 1s also square-
shaped, engaging with the mold case 1. The cover 2 1s
provided with an opening 2A at the center thereof. The
opening 2A is formed to expose the liquid crystal dis-
play panel 3. The cover 2 is formed, for example, of a
metal material, such as iron or an aluminum alloy, or a
resin material.

Although not illustrated in detail, the liquid crystal
display panel 3 is formed by a dot matrix type panel to
be driven on a time sharing basis or TFT. The liquid
crystal display panel 3 is provided with a liquid crystal
part 3A between a lower transparent glass substrate 3B
and an upper transparent glass substrate 3C. The hquid
crystal part 3A is filled with the liquid crystal restricted
by an orientation film formed respectively on the inter-
nal (liquid crystal side) surface of the lower transparent
glass substrate 3B and upper transparent glass substrate
3C. As the liquid crystal of this liquid crystal part 3A, a
twisted nematic type liquid crystal is used. The liquid
crystal of liquid crystal part 3A is controlled for light-
ing and display by a scanning electrode formed on the
internal surface of lower transparent glass substrate 3B
and a display electrode formed at the internal surface of
the upper transparent glass substrate 3C. The external

10

135

20

23

30

35

45

50

33

65

4

surface of lower transparent glass substrate 3B 1s pro-
vided with a polarizing plate 3D, while the external
surface of upper transparent glass substrate 3C 1s pro-
vided with a polarizing plate 3E, respectively.

As shown in FIG. 3 (a perspective view of a liquid
crystal display apparatus observed from the lower side
thereof), the display electrode is driven by segment
driver circuits 5B and 5C removably fitted to the bot-
tom part of mold case 1. The display electrode of liquid
crystal display panel 3 of this embodiment is divided
into two sections and therefore segment driver circuits
5B and 5C are provided. Each of the segment dniver
circuits 5B, 5C is formed by a wiring substrate (for
example, glass epoxy resin) mounting a semiconductor
device for a segment dniver.

The scanning electrode is driven by a common driver
circuit SA removably fitted to the bottom part of the
mold case 1. Like the segment driver circuits 3B and
5C, this common driver circuit SA is formed by wiring
substrate mounting semiconductor devices. SA are re-
spectively driven by the power supply circuit for driv-
ing the liquid crystal (LCD) and the timing generation
circuit. The liquid crystal driving circuit §D is also
formed by wiring substrate mounting semiconductor
devices and passive elements, such as resistors and ca-
pacitors.

As shown in FIG. 1 to FIG. 3, the light source device
4 is mainly composed of a light guiding elements 4A,
light sources 4B, a reflecting plate 4C for light source, a
reflecting plate 4D and an inverter power supply circuit
4E. This inverter power supply circuit 4E 1s sometimes
not built into the liquid crystal module.

As shown in FIG. 4 (a perspective view observed
from the inclined upper direction of the light guiding
element), the light guiding element 4A is formed with a
square shape of transparent material having a predeter-
mined light transmissivity. The light guiding element
4A is formed by an acrylic resin having light transmis-
sivity of about 90-95[%]. Moreover, the light guiding
element 4A may also be formed of a transparent glass
material. In this embodiment, the width W of the hght
guiding element 4A is 250 [mm)]. The length L of the
light guiding element 4A is 160 [mm}. The thickness H
of the light guiding element 4A is 4-9 [mm]. In this case,
one surface of light guiding element 4A on the side of
reflecting plate 4D of light guiding material is substan-
tially formed by a flat and smooth surface 4a. The other
surface opposed to the smooth surface 4a of the light
guiding element 4A is formed by rough surfaces 46 and
4d. The rough surface 4b is rougher than the rough
surface 4d. The rough surface 45 is formed, for example,
by a mat processing corresponding to sandpaper No.
#40-400, or more desirably to corresponding to sandpa-
per No. #40-400, or more desirably to #80-200, while
the rough surface 44, is formed by mat processing cor-
responding to sandpaper No. #500-4000, or more desir-
ably to #1000-2000.

In case the lines are formed in the longitudinal direc-
tion of the light source 4B, it is more desirable from the
point of view of the light diffusion of the rough surfaces
45 and 4d of the light guiding element 4A have a direc-
tivity like a hairline, than the case where the lines are
formed in a direction crossing the light source. But, a
similar effect can be obtained through mat processing
even without providing such directivity. In case the
light guiding element is formed by an injection molding
method, formation of mat surface controls more easily
the degree of roughness (pitch of mat and depth of
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groove) and ensures higher moldability, namely it is
more desirable from the point of view of flexibility of
processing.

The light emitting surfaces 4b and 4d of the hight
guiding element 4A are formed as a particularly curved
surface, namely through combination of a surface
which 1s convex toward the light emitting side and a
surface which is concave toward the light emitting side
so that the light is uniformly emitted over the entire
surface of the light guiding element. This 1s shown 1n
FI1G. 4. As shown in FIG. 4, the surface i1s concave
upward at the center while it is convex upward at both
sides thereof. |

When the thickness of the curved surface which 1s
convex upward is defined as Y,

H— h

R ¢ Sl (B (1)
(L/2 — d)"

Y=H . &

0=X=L/2-d

Where,
Y: plate thickness of light guiding matenal;
H: plate thickness of light guiding material at both
ends
h: plate thickness of light guiding material at the
inflexion point where the convexed surface
changes to the concaved surface;
L: distance between both ends where the light
sources of light guiding material are arranged;
X: distance toward the center line from the end sur-
face of light guiding maternal;
d: distance of.the inflexion point from the center line
of section of light guiding material;
n: constant between 1.5-3.5
The surface which is concave upward is continuous
to the surface which is convex upward and 1s formed by
a cylindrical surface. When the radius of curvature of
the cylindrical surface is defined as R,

(L/2 —-d=X=1L/2)

(2)

_L/2—d
n(H — h)

where, each symbol means the same as that used in
formula (1).

Here, each constant must be determined adequately
depending

Here, each constant must be determined adequately
depending on the size of the light sources, but is set, for
instance, generally as indicated below. When the diame-
ter of light source 4B is set to 0.6 mm, H 1s set to 6.0-9.0
mm or desirably to 7.0-8.0 mm; h, to 1.0-4.0 mm or
desirably to 1.5-2.5 mm; L to 100-300 mm, although
determined depending on the size of the light source
device to be realized; d, to 2.0-6.0 mm or desirably to
3.0-5.0 mm; moreover n, to 1.5-3.5 or desirably to
2.0-3.0 for obtaining a good result.

The combination of such surfaces provides a substan-
tially uniform distribution of brightness.

However, since the light is concentrated from both
ends of the substrate to the area near the center of the

light guiding element, the brightness becomes compara-
tively high at the center thereof and it sometimes results
in a problem. As described previously, in order to over-
come such problem, the entire surface is not formed
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with the same roughness on the light emitting side of the
light guiding element, but the area near the center 1s
formed as a fine surface and the remaining surface 1s
formed as a rough surface. The surface of the light
guiding element is formed as a rough surface 1n order to
scatter the light at this surface. When the degree of
roughness is small, less light 1s scattered. The light 1s
refracted in such amount and is emitted toward the
other region. Accordingly, when the degree of rough-
ness at the center is set to a small value, the light 1s
emitted toward a region other than the center area. As
a result, the brightness at the center is suppressed and a
light source ensuring a more uniform brightness can be
obtained. This explanation is based on a structure In
which the fine roughness is formed on a surface which
is concave toward the light emitting direction of the
light guiding element and the surface having coarse
roughness is formed as a surface convexed which 1s
convex toward the light emitting direction thereof.
However, the size of the region formed by the surface
having fine roughness is not limited to this configura-
tion and this region may be smaller or larger than the
concave surface on the light emitting side depending on
various cases. Moreover, it is not required to clearly
define the boundary between the surfaces having fine
roughness and coarse roughness and so the degree of
roughness may be changed continuously.

FIG. 5 shows the distribution of brightness using a
light source of the present invention. In this experniment,
I =160 mm, H=7 mm, h=1.6 mm, d=3.0 mm, n=2.3
and the diameter of light source 4B is 6 mm. The bright-
ness distribution in the plane is within 15% and suffi-
cient brightness for practical use can be obtained.

FIG. 6 shows another embodiment of the present
invention in which like elements are designated by like
reference numerals. In FIG. 6, a uniform rough surface
is formed in the light emitting side 4b of the light gud-
ing element 4A and the surface 4¢ having fine roughness
is formed as an area near the center at the flat area of the
light reflecting side. Moreover, a surface 4a having
comparatively coarse roughness is formed on both
sides. Since the surface 4¢ has a small degree of rough-
ness, the quantity of light reflected by the mirror sur-
face increases and the light emitted toward the other
region from the area near the center also increases. As a
result, the brightness at the center 1s suppressed and a
light source providing more uniform brightness can be
attained. In FIG. 6, the area in which the surface having
fine roughness formed for the opposite surface 1is
formed corresponding to the surface which is concave
toward the light emitting side of the light emitting sur-
face. However, the region in which the surface having
fine roughness is formed is not restricted to what 1s
shown by FIG. 5, and the region in which the surface
has fine roughness may be wide or narrow depending
on respective cases. Moreover, 1t is not required to
clearly define the boundary between the surfaces hav-
ing fine roughness and coarse roughness and so the
roughness may be changed continuously.

The parts other than the light guiding element of the
light source device will now be explained.

The light source 4B is arranged at one end part of the
light guiding material 4A. As the light source 4B, for

example, a cold cathode tube having a length of about
270 fmm} is used. This cold cathode tube is driven by an
inverter power supply circuit 4E fitted to the bottom
part of the mold case 1. This inverter power supply
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circuit 4E 1s formed to convert, for example, the DC
power supply voltage of 5-30 [V] to the AC power
supply of 30-50 [khz] in the voltage of 300-400 [V]. The
inverter power supply circuit 4E 1s formed by a wiring
substrate mounting semiconductor devices like the cir- 5
cuits SA-SD.

The reflecting plate 4C for the light source covers the
light source 4B except for a part thereof and has a sec-
tion in the form of a character _J or U so that the light

emitted by the light source 4B i1s reflected efficiently 1n
the direction of light guiding element 4A. This reflect-
ing plate 4C for the light source is formed, for example,
by an aluminum plate having a surface (the surface on
the side of the light source 4B) is coated with white
paint (acrylic resin paint) and the value of lightness (L*
value) must be 90 or more and possibly 94 or more. The
reflecting plate 4C for the light source may be formed
by perfectly covering the light source with a metal-
evaporated sheet having high reflectivity for the light
guiding material 4A as shown in FIG. 7. In this case, the
leakage of light flux can be minimized and an improve-
ment in the brightness can be expected. Meanwhile, the
former is considered preferable from the point of view
of flexibility of assembling and easiness of replacement.
The reflecting plate 4D is formed on the side of the
smooth surface 4a of the light guiding material 4A so
that the light of light source 4B is efficiently reflected
toward the liquid crystal display panel 3. This reflecting
plate 4D on the substrate is formed, for example, by a
material similar to that used for reflecting plate 4C for
the light source. In this case, the higher lightness value
(L* value) of the reflecting plate is preferable and 94 or
a higher value 1s desirable.

A light diffusing plate 6 is provided between the
liquid crystal display panel 3 and the light guiding ele-
ment 4A of the light source device 4. The light diffusing
plate 6 is formed, for example, by a half-transparent
acrylic resin. This acrylic resin has a total light trans-
missivity of 40-80% and diffused light transmissivity of
40-809% and the desirable resin should have a thickness 40
of about 0.5-3.0 [mm] and have the roughness process-
ing applied on both sides because it has the function to
prevent generation of Newton’s rings at the LCD sur-
face or the surface in contact with the light guiding
material.

The present invention can achieve an effect similar to
that described above by forming the rough surface 40 of
the light guiding element 4A of light source device 4
with a continuous curved surface (partially curved sur-
face) extending from a position spaced by a predeter- 50
mined distance from the hight source 4B.

The present invention permits the light source 4B of
light source device to be formed by a fluorescent lamp.
Moreover, when the size L is small (for example, less
than 50 [mm]), the light source 4B may be formed by a 55
plurality of LED:s.

In addition, it is possible to increase the brightness by
arranging a plurality of light sources at each end part of
the light guiding element 4A.

Since the light source device 4 of the present inven- 60
tion provides at high brightness, it is effective to form
the liquid crystal display panel 3 of liquid crystal display
apparatus in the super-twisted nematic type white &
black mode (having less light transmissivity).

While the invention has been particularly shown and 65
described with reference to a preferred embodiment
thereof, it will be understood by those skilled in the art
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that the foregoing and other changes in form and details
may be made therein without departing from the spirit
and scope of the invention.

For example, the present invention can be applied to
a light source device for use in a liquid crystal display
apparatus which uses an active matrix system forming a

pixel with a thin film type transistor and transparent
pixel electrode.
Moreover, the present invention can also be applied

to a light source device of a wrist watch or measuring
instrument, namely to every kind of light source appara-
tus which requires a flat plane type light source.

The typical effect of the invention 1s disclosed 1n this
specification can be briefly concluded as that the bright-
ness of a flat plane type light source device can be
equalized over the entire area.

What is claimed is:

1. A light source device comprising a light guiding
element formed by a transparent medium having a par-
ticular refractive index and a pair of rod type light
sources respectively arranged along two opposed end
faces of the hght guiding element;

said light guiding element having a sectional view

taken at right angles to said end faces, in which
sectional view both end portions to which the light
enters from said light sources are relatively thick,
the center thereof is relatively thin and the bottom
surface thereof is flat, while the surface opposite
the bottom surface is a light emitting surface which
is concave in a light emitting direction away from
'said bottom surface at a center region and convex
in the light emitting direction in regions on either
side of said center region.

2. A light source device according to claim 1,
wherein part of said light emitting surface of said light
guiding element has a fine roughness and the remaining
part of said light emitting surface has a coarse rough-
ness, said part having a fine roughness being located
over at least a portion of said center regton.

3. A light source device according to claim 2,
wherein the degree of roughness in the light emitting
surface of the light guiding element continuously
changes from coarse roughness to fine roughness from
the end faces toward the center thereof.

4. A light source device according to claim 2,
wherein the bottom surface of said hght guiding ele-
ment has fine roughness in a central area thereof and a
coarse roughness outside said central area.

5. A light source device according to claim 4,
wherein the degree of roughness in the bottom surface
of the light guiding element changes continuously from
a fine roughness to a coarse roughness from the center
thereof toward the end faces.

6. A light source device according to one of claims 1
to 5, wherein said rod type light source 1s arranged in
plural ‘at each end face of two sides.

7. A light source device according to claim 1,

wherein the bottom surface of said light guiding ele-

ment has fine roughness in a central area thereof and a
coarse roughness outside said central area.

8. A light source device according to clam 7,
wherein the degree of roughness in the bottom surface
of the light guiding element changes continuously from
a fine roughness to a coarse roughness from the center

thereof toward the end faces.
* & ¥ L *
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